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The content of HS in various 

ecosystems 

Soils  1-12% 

Coal, peat, sapropel 65%-95% 

Seas and oceans     0,1-3,0 mg/L 

Rivers and lakes        2- 20 mg/L 

Swamps Up to 200 mg/L 
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The term "supramolecular 

chemistry" was introduced in 

1978 by Nobel Prize winner 

Jean-Marie Len and is defined 

as "chemistry describing 

complex formations that are the 

result of the association of two 

(or more) chemical particles 

bound together by 

intermolecular non-covalent 

bonds". 
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Electrophoresis of chernozem HA in 10% PAG 

with detection in visible and UV light 

Chernozem humic acids 

      Visible light                      UV light( 312 nm) 
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Trubetskoj et al., 1992, Soil Biol.Biochem 24, 893-896  

 

Trubetskoj et al., 1997, J. Chromatography A  767, 285-292 

 

Trubetskaya O. et al., 2011, Analytica Chimica Acta, v. 690, 

263-268 



Electrophoresis of several soil HAs of different genesis 

in 10% PAG with electropherogram detection  

in visible light 

Trubetskoj O., Trubetskaya O. et al., 1999, Geoderma 93:277-287  

   1        2        3        4 
 

1  Podzolic soil HA (Russia) 

2  Grey forest soil HA (Russia) 

3  Chernozem HA (Russia) 

4 Red soil HA (Georgia, former USSR) 
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Combination of preparative exclusive chromatography with 

analytical electrophoresis for obtaining of  

stable electrophoretic fractions from chernozem HA 
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Trubetskoj O., Trubetskaya O. et al., 1997, J. Chromatography A  767:285-292 

МSА>МSВ>МSC+D 

A      B                      C+D 

Preparative 

chromatography on 

Sephadex G-75 in 

7M urea solution 

Analytical 
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in 10% PAG 



Analytical methods used for complex structural 

analysis of electrophoretic fractions A, B and C+D 

Chernozem HA        Fraction A 

    Large MS 

    Low EM 

 

Fraction B 

  Medium MS 

  Medium EM 

     Fraction C+D 

     Low MS 

     High EM 

                                                              

   Destructive methods:                                       Non-invasive methods: 

 

 1). Acid hydrolysis by 6M HCl                                 3). Ultrafiltration  

 2). Pyrolysis/gaz-chromatography/                                  4). UV-visible absorbance spectra 

                              mass-spectrometry                              5). 2D- and 3D-fluorescence  

                                                                                              6). 13C- и 1H-NMR 

                                                                                              7). RP-HPLC 

                                                                                              8). HPSEC 

                                                                                              9). High-resolution mass-spectrometry                 

10). Photochemical activity 
  

  

     
                   МS – molecular size;    EM – electrophoretic mobility 



The fractions A, B and C + D obtained were 

significantly different in terms of: 
• а) electrophoretic mobility (Trubetskoj O., et al., 1991. Soil Biology & Biochem., v.23, p. 1181-1183;    

                                                                                Trubetskoj O., et al., 1992. Soil Biology & Biochem., v.24, p. 893-896) 

• б) molecular size (Trubetskoj O., Trubetskaya O. et al., 1997. Journal of Chromatography A,v.767, p. 285-292)   

 

• в)  amino acids content (Trubetskaya О., Trubetskoj O., et al., 1998.  Environment International, v.24, p. 573-581) 

 

• г)  conformational characteristics (Тимченко А.А., Трубецкой О.А. и др. 1999, Поверхность, №4, с.23-30) 

                                                                                                                               

• д) fatty acid content (Hermosin B., Trubetskoj O. et al., 2001 J. Anal. Appl. Pyrolysis, v.58, p.341-347;     

                                                                   Saiz-Jimenez C., Trubetskoj O. et al., Geoderma, 2006. v.131, p.22-32 ) 

• е) optical properties (Trubetskaya O., Trubetskoj O. et al., 2002. Organic Geochemistry. v.33/3, p.213-220) 

 

• ж) photochemical activity (Aguer J.-P., Trubetskoj O. et al., 2002. Chemosphere. v.49, p.257-261; 

                                                                     Trubetskoj O.  et al., 2007. J. Photochem. Photobiol. A,  v.189, p. 247-252)                                                                 

• з) fluorescent properties (Richard C., Trubetskoj O. et al., 2004. Environ. Sci. & Technol., v.38, 2052 –2057;  

                                                                      Sanchez-Cortes S., Trubetskoj O. et al.,  Applied Spectroscopy, 2006. v. 60, p.48-53; 

                                                                      Trubetskaya O., Trubetskoj O. et al., 2011, Analytica Chimica Acta, v. 690, 263-268)                                                                                                                                                                                                 

• и) phytohormonal activity   (Сердюк О.П., Трубецкой  O. и др. 1999.  Доклады РАН. т. 365, с.430-432) 

 

• к) ratio of aliphatic and aromatic components  (Trubetskoj O., Hatcher P.G., Trubetskaya O. 2010.  

                                                                                                                             Chemistry and Ecology. v.26, p.315-325) 

 

• м) hydrophobicity (Trubetskoj O., Trubetskaya O. et al., 2012. Journal of Chromatography A, v. 1243, 62-68) 

                                                                                                                                  

 
 

 

 



Some physical-chemical characteristics of chernozem HA sample and its  

electrophoretic fractions A, B and C + D 

 

 

Sample 

LPSEC , 

ultrafiltration, 

HPSEC 

RP-HPLC 13C-NMR Pyrolysis/methylation  gas 

chromatography/mass 

spectrometrometry 

Nominal 

MS 

Relative 

hydrophobicity 

(%) 

Relative 

aromaticity 

Carom/Caliphat 

Long-chain fatty acids 

(С16-C22) 

HAs - 29 1.9 
Identified 

A >100kDa 73 0.7 
the highest content 

B 100-30 kDa 33 1.3 
trace amounts 

C+D 30-10 kDa 0 3.2 
absent 
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Conclusions 
• If soil humic acids would be macromolecules then their  

electrophoretic zones would differ only in size, but not in 

composition, physical-chemical properties and photochemical 

activity. 

 

• The detection in soil humic acids of the largest molecular size 

fraction A, consisting mainly of amphiphilic fatty acids, 

suggests the possibility of forming on its basis the main 

structure-forming components of soil humic acids. 

 

• The summary of the data obtained is a direct experimental 

confirmation of the existence of soil humic substances in a 

form of supramolecular complex. 
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